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PROTON-IONIZABLE CROWN ETHERS. A SHORT REVIEW

‘ Christopher W. McDanlel, Jerald S. Bradshaw” and Reed M. Izatt

Cepartment of Chemistry, Brigham Young University, Prove, UT 84602 U.S.A.
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Y 1. INTRODUCTION.

\"“gince Pederson reported the synthesis and cation-complexing characteristics of the crown
¢ chers in 1967i1"thete has been Increasing interest in these compounds as complexing agents for
various metal and organic cations. Many different modifications of the crowns uave been made tu
enhance their cation-complexing properties. Some of these modifications Involve the use of
alkyl substitusnts, aromatic subeyclic wunits, nitrogen and/or sulfur atoms substituted for
oxygen in the macroring and other changes which provide crowns with unique complexing proper-

ties.. A compilation c¢f cation complexing properties uf the crown ethers has been published.2

Dedicated to the memory of Professor Tetsuji Kamctani.

1

\;3Macrocyc1lc crown ather ligands containing proten-ionizable groups are of intersst because




."chey alleviate the need for a counter anion i{in metal cation trmpo;;c through a liquid weabrane
or in solvent extraction experiments. Ofren the catfon-crown complex stability {s increased
when the crown {s 1on1zed..\§; Transport of cations is, in many cases, also tied to the pH of the
aqueous solutions in the liquid membrane system so that transport of cations can, in effect, be
turned on and off by adjusting the pH;‘::s— Proton-lonizable crown ligands have also been uized
spectrophotometrically to determine parts per million quantitiss of alkali and alkaline earth
metal cations in solution.rmz/l Having macrocycles which show selectivity in complexation and
transport of cations i{s also an objective in tha syntheces of these types of crown ligmdi'ffgls—
This short review summarizes the syntheses of proton-ionizable crown ether ligands (PICE) to the
end of 1988, gives a listiag of these compounds and briafly reports on some of their MGI{'QL‘{D
AN
~
2. CROWN ETHERS CONTAINING A PROTON-YORIZABLE PENDANT ARM.

The modiffcatior of the basic crown ethsr ring structure by acttaching a pendant fonizable
group is designed to improve solvent extraction and transport of metal cations across bulk
liquid and liquid surfactant membraaes.17.19 This is done by using the fonfized crown ligand as
the anion thereby alleviating the need to co-transport hard anions such as chlorida, nitrate,
and sulfate.

Bartsch é&nd his coworkers have synthesized a number of crown ethers of various ring cizes
with attached pendant carboxylic acid groups.l9:20 In general, these carboxylic acid-
substituted crown ethers were synthesized by reacting the tosyloxymethyl-substitutsd crown ether
(CE-CH70Ts) with the hydroxy group of the appropriately substituted banzoic acid methyl ester

using sodium hydride as the base in tutrahydrofuran. The mathyl ester group was hydrolyzed to

the carboxylic acid as shown in Procedure A for 1-4. Compounds 1-14 were synthesized in this

manner (Figure I, Table 1)_19,20
Procedure A
OCH,CE OCH,CE
CE-CH;OT: 1) OH 2
NaH, THF H*
Hy¢Cyo CO,Me H2,Cyo CO,Me H3:Cyo

CE = crown ether

Crown sther acids 1-4 were most sslertive for Li*, Na*, K*, end Cst fons, respectively, in
solvent extraction studies of alkali metal chlorides from an aqueous phase into chloroform. All
acids wers lipophilic enough to remain in the organiz phase <ven at pH 2 12.20

Nakamura and Katayama have synthesized pendant priton-fonizablr crown ethers (PICEs) with a

-
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Table 1. Crown Ethers Containing Pendant Arm Ionizable Grouwps (Figure I)

Number CZ Ei 53_ R3 Ry Rs wp(°C) Yield(%) Proc Ref
1 12-Cr-4 H H n-CpHyy H COgH  54-56 83 A 20
2 15-Cr-5 H ¥ n-CigHoy H COH  42-44 84 A 20
3 18-Cr-6 H H a-CpHy H COoH  ofl 81 A 20
4 21-Cr-7 H H n-CioHzy H COH oil 79 A 20
5 13-Cr-4(2)> H H  n-CjgHy; H COH  46-48 47b A 19
6 13-Cr-4¢3)® H H  n-CjgHyy H COoH  yellow oil 20b A 19
7 14-Cr-4(2)*2 H H  n-CigHp; H COoH  yellow ofil 24P A 1
8 14-Cr-4(3)2 H H n-CjgHy; H COjH  yellow ofl 33b A 19
9 15-Cr-4(3)2 ¥ H  n-CjgHy; H COsH  yellow oil 22b A 19
10 16-Cr-5(3)8 H H n-C1oH21 H COgH  colorless ofl 30b ' A 19
11 19-Cc-6(2)® H H  n-CigHyy H COH  yellow ofl 65P A 19
12 24-Cr-8 H H o-CpHy H COoH  yellow oil 52P A 19
13 27-Cr-9 H H n-CgHy H COpH  colorless oil 66° A 19
14 30-¢c-10 H H nCpgHy H COH  colorless oil 50b A 19
15 15-Cr-5 H NOg H NOy OH -- 30 B 9
16 18-Cr-6 H Nop H NOo, OH -- 25 B 9
17 15-Cr-5 H H H H oH .- 98 B9
18 18-Cr-6 H H H H oH 180-200/0.84 Pa 47 B9

2 2 or 3 in parenthesis means attachment of the crown through one of the carbon atoms of a two
carbon bridge or the central carbon atom of & 3 carbon bridge. b gverall yield.

phenolic OH group as the fonizable part of the 11gand.9'21 Some of

Ry the pendant arms were chromogenic. These PICEs were synthesized by

Ra CcCH,CE the combiaation of guaiacolyl glyceryl ether and the glycol ditosyl-
Ry R, ate of appropriate length with sodium hydride as the base in N,N-di-
R, methylformamide (DMF). The methyl group is then cleaved by lithium

Flgure aluminum hydride (LAH) in hexane at reflux temperaturs. The crown

ether phenol is then ring substituted to obtain the desired product.
The synthesis of 15 is shown in Frocedure B. Crown ether phenols 15-18 (Figure I, Table 1) were

obtained according to Procedure B in moderate yioclds. These ligands were all oils.
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Table 2. Crown Ethers Containing A Perdant Arm Phenol Group (Figure 1I)

Namber CE « Ry Rz ap(°C) Yield(n) Proc Ref
19 15-Cr-5 ~ KOs NO, oil 96 B 21
20 18-Cr-6 NOj NOp oil 56 B 21
21 15-cr-5 H -N=N-4-nitrophenyl  powder 23 B 21
22 . 18-Ccr-6 H -N=N-4-nitrophanyl povder 4.8 B 21
23 15-Cr-5  -N=N-4-nitrophenyl -NeN-4-n{trophenyl powder 14 B 21

Substitution on the phenol ring can be accomplizhed by aryl

OH diazonium salts (21) as well as nitric acid (15) to give chromogenic

Ry CH,CE fonizable crown ethers.2l Coumpounds 19-23 (Figure II, Tables 2) were

obtained Yy wusing the appropriate starting diol and glycol

R, ditosylate. The startiag diol was obtained by reacting methyl

Figure (I fodide with 2-allylphenol ln. the presence of sodium net?loxide to

obtain 2-allylanisole followed by oxidation with pota.sium

permanganate to the d1o1.2l The diazophsnol crowns 21-23 were obtained as brown powders.

PICE 15 was used to successfully determina sodium fon concentrations in human blood.9
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Ligands 19-23 extracted alkali metal cations into 1,2-dichloroethane forming highly colored
uncharged complexes.zl

Crown ethers 24 and 25 (Figure III, Table 3) have & pendant i{onizable arm connected through
a nitrogen instead of an oxygen atom as in 15. The strongly electron withdrawing substituents
on the benzene ring cause the aniline hydrogen to be acidic thus providing the PICE. Bubnis and

Pacey have synthesized these ligands following the sequence outlined in Procedure €.22 1he pKas

Pr r
(o]
dlethylazodicarboxylate
CE-CH,OH y xy e, cECH,—N 1) HaNNH,, H,0/ MeOH
teipheayiphosphine, -
phthalimide 2) HC1
o
R,
1) NaOH
CE-CH,NH,; HC! - CE-CH-NH R.
2) Chloro-substituted ?
chromophore
ph 24-25
R
Table 3, Crown Ethers Containing a Pendant Ionizable Aniline Hydrogen (Figure III)
Number CE ]y Ry R3 @p(°C)  Yield(s) Proc Ref Ry
' - - - N AHeHCE
247 12-Cr-4 NO, NOo CF3 86-88 60 [ 22 l
25 15-Cr-5 NO,  NO;  H§O,  187-188 60 c 22 Ry A R,
Figure Iif

for 24 and 25 were found to be 11.4 and 11.6 (40% acetonitrile/H;0) respectively.23 Alkald
metal extraction and complexation studies determined that both 24 and 25 were more efficient
extractors of K* than of other alkali metal fons.23

A series of PICEs basec on l4-crown-4 with a substituted phenol on a pendant arm has also
been reported (26-29, Figura IV, Table 4)_18 Thase ligands were obtained using a medification
of Procedure B. Instead of using a substituted ethylene glycol unit, the appropriately
substituted 1,3-propylene glycol unit was used to combine with the glycol ditosylats. Sodium
hydride was ag.ain used as the base in dioxane and lithium perchlorate was added for a template

effect. The anisole nethyl group was removed as outlined in Procedure B, except that heptane




Table 4. 14-Crown-4 Macrocycles with By
Pendant Proton-Ionizable Arms (Figure IV)
H25Cyp
" Number Ry Ro Proc Ref P
N - — | CH
26 H H B 18 0o o
27 NO» H B 18 [ j
(o] o
28 H NO, B 18 K/l
29 NO9 NOg B 18
X Figure v

was used as the solvent. This afforded compound 26 which was then ring substituted us‘ng nitric
acid to obtain 27-29. In proton-driven transport atudies in a liquid membrane systenm. oxcremlj

high ratios of lithium over sodium were obtained using 27-29 as the carriers.18

3. AZA-CROWAS VITH PROTON-IONIZABLE PENDART ARMS.

Modifications in the composition of the bLasic crown ether ring have also been made to
change the behavior of PICE: toward complaxation and transport of cations. Where one or two of
the crown .ring oxygen atoms have been replaced by nitrogen atoms, the proton-ionizable pendant
arm can be attaclted through ore or both nitrogen atoms. VYreparation of diaza-crowns containing
two carboxylic acid groups is the most obvious extension of this modification.

Diazadicarboxylic acid-containing ligands 30-32 (Figure V, Table 5) were synthesized by
reacting the appropriate diaza-crown with the potassium salt of the appropriate ow-
chlorocarboxylic acid in the presence of potassium hydroxida followed by acidification as
outlined {n Procedure D for compound 31.24:25  Crown ether 34 was obtained by a nodified
Frocedure D.20 Although ligand 33 is very similar to 30-32, it was obtained by reaction of the
diaza-crown and two equivalents of acrylonitrile to form the dlaza dinitrile crown. Subsequent
hydrolysis produced the diacid 33 (Procedure E).27

Monoaza-crowns 35-38 (Figure V, Table 5) were obtained by the reaction of 2-bromomethyl-4-

nitrophenol and the appropriate aza-irown as shown in Procedure F for 35.8.21 Crowns 39-41 were

obtained by an extension of Procedura F. After obtaining the
‘/"’\o/\‘ nitrophenol-substituted crown, the nitro group was reduced to the
A—N Nty amine and the resulting compound was combined with picryl chloride
L(\/é\ \/,i to give the corresponding PICEs.28
m n Proton-ionizable 1ligands 42-48 (Figure V, Table 35) were
Flgure V

synthesi{zed according to Procedurs G shown for the synthesis of

il




Tabls 5. Aza-Crowns with Pendant Ionizable Arms (Figure V)

Number 1 m n Ry 1) mp(*C) Yiald(%) Proc Ref
30 2 L 1 -cHpcOpM -CHpCOH  -- -- D 26,25
31 2 2 1 -CHyCOH -CHypCOQH  -- .- D 24,25
52 1 1 L -CHyCOH -CHyCOoH  -- -- D 24
33 2 2 1 CHyCHoCOoH - Ry 128.5-130 65 E 27
34 2 2 1 CO(CHp)ioCH3 CH,COoH oil 17 D 26
HO ' '
35 1 1 0 —HZC'Q -- 89-90 57 F 21
NO,
36 1 2 0 . .- . 82-83 71 F 21
37 1 3 0 . .- .- 91 F 8,21 H
38 1 4 0 . .- -- 87 F 8,21
—HL=\ 4,
39 2 2 0 HeN  NO, -- orange crystal 48 F 8
ON
40 2 1 1 - NO, - Ry -- 30 F 28
41 2 2 1 - - Ry 207 32 F 28
OH
2 2 2 1 —cocn,cn.@ -r 131-131.5 8 G 29
OH
43 2 2 1 '°°°"°"‘*© -R 124-125 48 ¢ 29
Nol
OH
44 2 2 1 —COCH,CH, - R1 88-92 43 G 29
NaN=1-Naphthyl
oH - .0 29
45 221 oo Ry 196.° 49 G
g
NaN==gp-uitropheayt
46 2 2 1 oM - Ry 144 (dee) 14 ¢ 29
=COCH,CH, A Nadv=p-nitropheayl
NaN==p-aitraphenyl
OH
47 2 2 1 —cof) - Ry 141-142 36 G 29
I
N




Table 5 (continued)

oH
-—CO,
48 2 2 1 - Ry 114-117 38 G 29
NO!
"" Ol
49 1 2 o0 oA -- .- 43 :
‘ o= 1 21
'}ro
[
50 1 3 0 . -- oil 47 H 21
s1 1 & o . -- ofl 6% H 7n
O OH
52 1 3 0 @‘O -- 104 35 H 21
-9 -
53 1 4 ] . “- 90-91 38 H 21
Procedure O
|/\° 0/\ 2 CICH,COy K* ° °/ﬁ
H-N s N-H e HO,CCHN N-CH,Z0,H
|\/ 1) KCH, 2) HCt k/ )
o) o\/l (s} 0
\_/ AN A
31
Procedure €
/ N / \
[/\ Y o 1) 2 CH=CHCN (\ o °/\|
H-N NH 3o HO,CCH,CHN N-CH,CH,COH
2) H*
l\/°\ P\) ) '\/"\ ,°\/|
33
Procedura F
OH

HCK
f”\\
| (o)
H-N 7 -+ BrCHz
<:uf’o
NO,

42.29

Triethylamine,
y . cﬂz—"
THF
0

NO{

Iigand 43 was obtained using the nitro-substituted dihydroccumarin, 44-46 were obtained

by subsequen- arcmatic ring substituctioa by the appropriste acyl diazonfum sult, and 47 and 48

were ot.tained using a modified Procedure G with the phenyl ester instead of the lactons.

29

Chromogenic azs-crowns 49-53 (Figure V, Table 5) vere obtained by tha reaction of the




Procedure G
/™ o /\
l/\o O/\N-H @:—:E- R-N (\o O/\r'm oH
k, \) f:n hrs K/O\__/o\.) A @(smhqor
Erocedure H

(Y ?«

o) N-H H,S0 I/\o/\ 2o

L CH’ x 0 N-R u":\/@cﬂr
o fEA THE k/o\/] 49, Rw Q‘fo

Q

~
appropriate aza-crown. K formaldehyde and a chromogenic group by the Mannich reaction in the
presence uf triethylamine (TEA) as the base.2l TFrocedure H {liustraces this seguence with crown
4¢ as an example.

Ligands 30 and 31 were tested for transport and cosplexation propsrtiss with alkalf,
alkaline earth, ;OIC transition metal,?% and some lanthanide metsl ions.30 Crowns 32-34 wers
only studied using alkali, slkaline earth, and some transition metal {cns.26:27 The transport
of cativns by PICEs 33 and 34 was also studied using zwitterionic asmino acid forms assisted by
CaZ“ fons. Tha extraction of alkall metal cations l:;to 1,2-dichloroethans by 35-38 and 49-53
was stwdied and the chromogenic crowns foma highly colored uncharged metal conploxu.n
ng;;ldl 37 and 38 were salective for Li* and K* respectively and 37 was useful i{n deterzining
par-s per million concentrations of Li* as veil as concantrating Li* from dilute solutions.® of

compounds 44-48, only 46 was found to extract alkali or alkaline sarth metal cations.2?

4. TARTARIC ACID DERIVED PROTON-IONIZABLE CROWN ETHERS.

Fyles and Lshn have synthesized a series of lipophilic carboxylic acid crown ethers derivad
from cne or two tartaric aci{d residues. These syntheses gave crowns with a specific sat of
stereoisomers for complexation and cation transport ltudlet.:n The starting N,N,N’,N°-
tetramethyldiamide of tartaric actd vas obtained from the (2R,3R)-isomer of tartaric acid.
Thallf{um ethoxidc, which was compatible with the easily raceamlzed chiral ccntota,n was employed
as the base {n this modification of the ¥illiamson ut!.xet synthesis. The general synthstic
aethod is lhov;\ in Procedure 1 using 54 as an exemple. Lipophilic acid ligands 34-68 (Figure

VI, Table 6) wers obtained i{n this manner using the appropriate glycol diiodide and by making




the appropriate substitutfons.31-35 Tciragsubstituted crown ethers

k\ m 69-91 (Figure VI, Table 6) were also synthesized according to

A, g O/\)j R, guneral Procesdure I but wodiflcations were made to sbtain some of
’ j) the product-.5'33'36'38 Compound 80, lor example, was obvained by

As fo) [o) "/R, the reaction of the N,N,N’ N’.tetramecthyldiamide of tartaric acid

l\(\/o and 1l-{odo-3-oxa-5-benzyloxyp:ntans in the presence of thallium
" sthoxide in DMF to obtain the bis-benzyl blocked pentasthylene
Figure Vi
glycol. This »iterial was deblocked, brominated, then iodinated

Table §. Tartaric Acid Derived Proton-Ionizable Crown Ethers (Figure VI)

ilunber m n Ry :¥) Ry Ry ap(*C) Yield(%) Proc Ref
54 0 1 H H CONH(CHp)7CHy COoH  ofl 70 I 3
55 01 H Y CONH(CHz)13CH3 COH  wax 60 3
56 0 1 H H CONH(CHp)17CH3 COoH  S7° 78 1 3
57 11 H H CONH(CH)7CH3 COH  wax 80 1
58 114 H CONH(CHy)13CH3 COH  ofil 61 1 A
59 1 1 H H CONH(CH2)17CH3 CO7H  wax 58 I 35
60 114 H CONH(CHp)3CH3 COpH 93 90 1 3
61 0 1 H H COqH CoH 60 65 I 31
62 1 1 H H COoH COH 103 75 1 31
3 0 1 H 4 CON(CgH17) 2 COH  -- .- 1 32
64 1 1 H H CON(CgHy7)2 COH  -- -- 1 32
65 1 1 H €Ok oom-CE-o .- - 1 33
66 1 1 H H COgH -com-\/_{-n 162-163 90 r 33
67 11 H H 8PCONHCHoCHoNHCO COgH  -- 60 I 35
68 0 1 COH CON{(CHp)7CHajp H il -- 1 3%
69 1 1 ab CIoH COaH ab -- .- 1 5
70 1 1 COgH CONHPh COgH CONHPh 256 44 I 236
7 11 éozu CONH-4-Phenyl-  COH “Ry - -- I 36

azo-1-Napthyl




e Y

...w-.._hﬂ%,.

Tahle § (continued)

72 1 1 CoH COMNU-4-Todo- COooH -Ry - -- 1 36
phenyl
73 1 1 COopH CONH-1-Napthyl  COqH -Ry -- .. Q3
74 1 1 CuNHPh COqH ook - R;  110(dec) &7 1 36
75 1 1 CONH-4-Phenyl- COqH COoH -p -- . 1 3%
azo-1-Napthyl
76 1 1 CONH-4-Todo- COoH COgH -Ry .- -- 1 3
phenyl
77 1 1 CONH-9-Phenan- COot' COgH =Ry .- .- I 36
thrrl
78 1 1 CONH-1-Napthyl COzH COoH ~-Ry .- -- I 36
79 1 1 copH COUH-9-Phenan-  COH -R  -- .- T 36
thryl
80 1 1 CyoHyt CioH21 COoH COH glass 92 b S ¥ |
81 1 1 CON(CgHy7)2 - Ry COoH COopH  -- 97 ) S ¥
82 1 1 CONHCgHpy coqH CoqH -R; 180-183  -- 1 3
23 1 1 CONHCgHyy coqH -ry COoH  74-78 .- s V)
84 1 1 CON(CgH17)2 COgH oI -Ry .- .- I 37
<2 1 1 CON(CgH17)2 COH - Ry COpH  -- .- I 37
86 11 md.o COsH COgH -R .- .- I ¥
87 11 . COpH - Ry COH  -- S 1 W
88 11 -com-CE-n COgH - Ry =Ry 190(dec) 95 1 33
89 1 1 CoH com-CE—n - -Ry oil 83 1 3
90 1 1 CcopH CooH COxH COH 213 >95 1 38
91 1 1 CHCOH - il - Ry - R; 197-201 95 1 38

4 p = Polyaramid Support. ba- CON(n-Pr)CHyCHyOCH7CHoN(n-Pr)CO9CH7CeHg

to obtain the bis-iodo compound. Reaction with didecylethylene glycol in the presence of
thallium ethoxide and DMF followed by the work up outlined in Procedure I gave 80.37 an
analogous modification of Procedure I, used to obtain 81, started with 1l,4-dibenzyl-l-threitol

and 1~iodo-3-ox&-5-cattahydropyr:nyloxypcntano.37 Ionizable crown 92 (Figure VII) was obtained
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from three equivalents of diethyleneglycol diiod{da in the presence of thallium ethoxide/DMF
followad by hydrolysis of the amide to the acid.38

Complexation by thess crowns has been extensivaly

l/\O/\ studied. Complexation and transport studiss have been
HO,C,, O o Im done using thess ligends with the alkall and alkaline
HOLC ° o .,,w earth metal cations. Kinetic and mechanistic studies for
E j their uie {n the transport of metal fons have been carriad
(o] o~ out. Preferences of certain ligands for particular
<\ ) cations and transport rates of thosa cations have been
92 O\_{O determined.32-35.38,39-43 rongsah1e crown 67 was attached
HO,CQ‘ CO.H to a polymer support and its cation separation properties

Rgure Vit were studied.33

5. CROWN ETHERS WITH PROTON-IONIZABLE CHROMOGENIC PENDANT ARMS.

Proton-ionizable crown ethers containing chromogenic pendant arms are unique in that
spectrophotometric analysis can be done upon deprotonation and complexation with a metal cation.
Some of these chromogenic proton-ionizable crown ethers hava already been discussed and others
will be discussed at a later point in this article. The corpounds discussed here either have an
{onizable phenolic proton or an amine hydrogen made lonizable by strong slectron withdrawing
substituents on the neighboring benzene substituent.

Chtouogon.Lc {fonizable crowns 93-106 (Figure VIII, Table 7) wers synthesizud by modification

of Procedure A. The substituted aminophenol was combined with the appropriate tosyloxymechyl




a substituted crown ether in the presence of sgodium hydride in THF
3

A, P ocH,CE to obtain the crown ether containing the aniline pendant arm.
I This material vas then coupled with the appropriate chloride ({.s.

\ R

R, R, plcryl chloride) to obtain the product.*® Crowns 107 and 108 were |
Ry obtained according to Procedure B except that the corresponding

Flgure Viil

diazonium salt was used instead of nitric acid.’

Table 7. Crown Ethers with Chromogenic Ionizable Pendaut Groups (Figure VIII)

Nuzber CE A B c D E =p(°C)  Yield(y)  Proc Ref
L
M NH
E. A
Ry = p R2=R3=R4=Rs=H
c
93 15-C-5  NOj H NOy H NO, 119-121 89 A 44
o4 15-¢-5  NO H N0, H o red glass 92 A ¥
95 15-C-5  NO H NOp H CFy red ofl 96 A 44
96 15-C-5  CF3 H NOy H NOy 72.5-74.5 90 A 44

Ry = sane as above, Ry = Ry = Rs = H, B4 = NO,»

97 15-C-5 NOy H NOy H NOo red ofl 47 A 44
98 15-C-5 " NOy H NOy h CFy red glass 48 A 44
R] = same as above, Ry = R4 = NOj, Ry = Rg = H
99  15-C-5  NOp H CN H NO, 164-166 80 A A
. Ry = same as above, Rj -‘R3-R4-R5~H
100 16-C-5 CF3 H NOy H NOy orange oil 47 A 44
101 18-c-6 CF3 H NOp " H NO2 red ofl 67 A 44
102 19-¢-6 CFq H NOy H NOp red ofil Y4 A 44
103 21-C-7 CFy H NO, H NOj red oil 51 A 44
104 30-Cc-10 CFj3 H NO, H NOy red oil 66 A 44
Ry = ENH*.Rl-R;‘-RQ'-RS-H
o 8
c
105 15-C-5 CF3 H N0, H N0y red ofil 69 A 44
106 18-C-6 CF3 H y.n NOp H N0, red oil 67 A 44
Ry = : :.RI—R3-R4-H,R5.-OH
107 15-¢-5  H H ¢ Nop H H 45-55 49 B 9

108 18-C-6 H H NO9o H H 88-89 70 8 9




6. SUBSTITUTED BENZO-CROWN ETHLRS

This section covers PICEs with one benzene ring incorporated into the crown as a subeyclic
unit. Alkanoic acid groups as well as aiomatic chromogenic groups have been substituted onto

the benzene ring. Crowns 109-112 (Figure IX, Table 8) were synthesized as shown in Procedure J

using 109 as an example. The hydroxymethyl substituted benzocrown ether was reacted with the

X corregponding bromo-substituted c-ri:oxyuc. acid and, after

fls r 1 protonatiun, benzecrown 109 was obtained. Crown 110 was obtained

Ra © y by a modification of Procedure J in that the tosyloxymethyl crown
Ry o o and hydroxy-substituted carboxylic acid wera used to obtain the
k /‘ px:o::luc:t:.]'g-"5 Acid crowns 113 and 114 weve obtained by oxidation

Figure IX 2

of the corresponding acetyl derivative (Procedure 1().“6"‘a

Phenolic crowns 115 and 116 were obtained by a modified Procedure K. Instead >f oxidizing the
acetyl derivative to the carboxylic acid, the acetyl group was subjected to Baeyer-Villager
oxidation conditions tc obtain the corresponding acetats. The acetate was then hydrolyzed to

obtaln the phenol. 49

Table 8. Svbgtituted Benzo Crown Ethers (NA - No Atom, E = CHyCHj) (Figure IX)

Number Rj . Ry R3 X Y z wp(°C)  Yield(%) Proc Ref
coM
199 H H H  cHpocHy ] O "™ cmpomm; o1l 47 1 4
110 H H H CH,0CH) Ao @e CHyOCHy ofl 58 J 45
HoC
11 H H H NA 2 om otl 63 J 19
)"0 oGy,
112 H R H CHyp . CHy ofl a7 J 19
113 H  COxH d NA EOE NA 183-185 89 K 46,48
116 H  COzH H CHoUTHy  CHQOCH, NA 118-120 80 K 47
115 H  -OH H NA EOE NA 101-103 93 K 49
(mod.)
116 H  -OH H NA EOEOE. NA 52 82 K 49
(mod.)

—nn-@—no,
117 H H NA EOE NA 155 72 L 11




Table 8 (continued)

118 H - NO; NA ROE NA 208-209 82 L 11
119 H o,n' Br  NA EOE NA 216-217 60 L 11
120 H  —ka o~ H NA EOE NA .- .- L 50
NO,
it
121  Q—— cr, H NA EOE NA -- -- L 50
o,
oN
122 H  —nn v, H NA EOE NA -- .- L 50
F,C
oM
123 H _m-©.,.o, H NA EOE NA -- -- L 50
o
126  H —m@-c« H  NA EOEOE A 55-56 45 L 29
NO,
125 H .. N0, NA EOEOE NA 160-161 32 L 29
126 H oMy NA EOEOE NA 75-78 17 L 51
MaN
O
127 H TS e NA EOEOE NA 150-152 32 L 51
“-Q
. OH
128 H Pl NA EOEOE NA 120-123 77 L 51
“‘"_‘@""\w @ o
HO
129 H NN ) H N EOE NA 162-163 66 L 29
130 H «.N-@_on H  NA EOE NA 72-74 11 L 29
t-By
131 H M-@-m H NA EOE NA 107-108 34 L 29
o]
132 H «-n-@-o« H ma EOE NA 62-64 1M L 29
(mod.)
oH
He cH,
133 H . H NA EOE NA 264245 90 M 29
. o,
L,
134 H o, H NA EOE NA 171-172 42 M 29




Procedure J

(o
@E :j/\ ar-CH(CH,),S& @: j/\O’kcozH

1) base, 2) actd

Procedure K
a 0
0
g/\ > 1) Bra, NaOH, <£/\ °
CHy d H,0,0° C HO
A o > 2) HOY o >
o
\\/ : 113 k/o
Procedure L
NO,

D
1 ) reduction NO; N = 0
_> z) plery! chioride ™ 'J\ 4

1) 2,6-dimethyiphenot

H - TsOH, dloxane

™ > 2} oxldation T I/\O
‘\/ h ° :

Y

CH,

Chromogenic ionizable crowns 117-125 (Figure IX, Table 8) wers prepared according to
Procedure L. The appropriately substituted nitrobenzocrowns were catelytically reduced to the
amine followed by coupling with the corresponding chloride.11,29.50  aAzocrowns 126-132 were

cbtained by modifying Procedure L. The amine funstion was converted to a diazonium salt and




then combined with the appropriate aromatic substrate to yield the proton-ionizable chromogenic

crown ether.9l Crowns 133 and 134 were obtained as shown in Procedure M.29

The transport of alkali and alkaline earth metals by these PICEs has been studied.%> Crowm
ethers 126-128 were used In studies demonstrating the first example of light driven calt
transport across a liquid meabrane.3l Uv light caused the crowns to fsomerize from the trani to

the ¢lg configuration which puts the phenol group above the macrocyclic cavity and in a position

to assist in complexation and cransport.51

7. CARBOXYLIC ACID-SUBSTITUTED DIBENZO-CROWN ETHERS.

Dibenzo-crown ethers are a natural extemsion of the work done with the benzo-crown ethers.
These compounds have alkyl and carboxylic acid substituents and one crown (159) is chromogenic.

Dibenzo-crowns c?.ntaining carboxylic acid substituents (135-148) (Figure X, Table 9) w:re
obtained by combining“the various hydroxydibenzo-crown ethers with the corresponding bromoalkyl
carboxylic acid in the presence of sodium hydride in THF as illustrated in Procedure J.52-54
Propionic acid-containing crown 149, homologous to acid crowns 135-148, was prepared via the
appropriate hydroxydibenzo-crown ether and allyl bromide
or ethyl acrylate as shown {n Procedure N.52,56
Disulfonic acid-crowns 150-152 were prepared from the
corresponding carboxylie acid-crowns (Procedure J) by

sulfonatior. of the benzene rings using sulfuric acid,

acetic anhydride, and acetic acid in chloroform.>’

Figure X

Crowns 153-156 were obtained by reacting the dibenzo-
crown containing a ketone function on the propylene bridge with the appropriate Grignard reagent
to give al'tyl and hydroxy substitution on the same carbon as shown in Procedure 0.5% Procedure
J was then followed as outlined before to obtain the acid crowns. Alkylsulfonic acid crown 157
was obtained by = modification of Procedure J in that the hydroxy crown was first combined with
sodium hydride in THF to give the sodium alkoxide followed by the addition of 1,3-propane
sultone. Hydrogen chloride gas was then bubbled through the reaction mixture to protonate the
salt 36 Dicyclohexano-crown carboxylic acid 158 (Figure XI) was prepared according to Procedure
J but first the benzene rings on the corresponding hydroxy-crown were reduced to cyclohexane
rings using hydrogen and ruthenium on carbon in ethanol .54

Crown 159 (Figure XII) was the only chromogenic proton-ijonizable dibenzo crown ether
reported. Ir:. was prepared according to Procedure L except that the corresponding nitro-

substituted dibenzo-crown was used, 29

o ‘A_zﬁu.kﬂfiﬁ' i P’




Table 9. Dibenzo Acid Crowns (E = CHpCHy, P = CHoCHCHp) (Figure X)

Number Ry Ry R3 X @p(°C) Yield(s) Proc  Ref
135 H -0CH,CO9H H E 129 76 J 52
136 H -0CH,CO9H H P 143-141 80 J 52
137 H -OCHCOoH H EOE 166 82 J 52
138 H -0CH,COoH H EOEOE 95-96 66 J 52
139 H -OCH(CoHs)COoH H EOE 93-95 40 J 52
140 H -0Cl(n-C4Hg) COoH H EOE 93-95 40 J 52
141 H -OCH(n-CgHy3)COoH  H EOE 75-77.5 23 J 52
142 H -0CH(n-CgHy7)COsH H EOE 87-88 27 J 52
143 H -0(CH9)4C0oH H FOE 97-98 76 J 52
144 H -0OCHCOnH t-Bu EOE 55-56 86 J 53
145 H. -OCH(n-CgH17)COH  H P 764.5-76.5 46 J 54
146 H -OCH(n-CgHy7)COoH  H EOEOE ofl s J 54
147 H -OCH(n-CgHy17)CO9R  H EOEQEOE, oil 38 J 54
148 H : -OCH3 (CHj) 4 COoH H P S0 70 J 55
149 H -C(CHy) 2CNoH H EOE 116-119 6 N 52,56
150 H " -OCH9CO9H -S04H  EOE i27-128 93 J 57
151 CH3 -0CHyCOoH -503H  EOE 110-111 86 J 57
152 n-CyHg -0CH,COoH -S03H  EOE 173-175 82 J 57
153 n-C4Hg -0CHCOoH H EOE 145-146 quan. 0 54
154 n-CgHy 7 -0CH,COZH H EOE 95.5-97.5  quan, 0 54
155 n-Cy4Hog  -OCHoCO2H H EOE 107-108 quan. 0 ‘54
156 n-CgHy 7 -0CH9COoH H EOEOE oil 78 0 54
157 H -0(CHg)1503H H EOE 60-70 80 J 56

Metal cation complexation by many of these compounds has been studied extensively. The pK,
values for many of them have been determined,52,56,58 Using these dibenzo-crown carboxylic
acids, transport of alkali, alkalins earth, some transition metal, and lanthanide metal {ons has
been studied as a function of pH, metal ion concentuciox;. and the nature of the organic phase
in single Lon‘nu well as compecvitive ion experiments in bulk and emulsion liquid membrane

:ysteu.:’-l"16'53'57'59'63 Some of these crown acids have been used in the study of the




transport of praseodymium (III) across phosphatidyl choline vesicles.6? Tharmodynamic studles

have also baen carried out, and oH, AG, and TAS values have been determined for crown-matal fon

complexes.56 .58,70,71

(l:o“w

H___OCHCOH 8 I o(\ o/\o E %
I)ﬂ = =
0; 0y k/o \) NOy

Ej: :O -
X = EOE 159) yleld: 67%, mp: 222-226°C, Proc. D, Ref. 29
158 Figure XII
yleild: 41%, mp: ofl, ref.: 54
Flgure XI
Brocedure N

H__ _OCH,CH,CH,0H

1) NaH ° N
-————-—-—-»
2) allyt bromlide
3) hydroboration 0 0
0
OCH,CH,CO.
1) t-BuOK, Et Acrylate CHLCOM
2) 15% HCt Jonas
3J) dloxane, 10% HCI, oxidation
reflux

149
Procedure Q
[o]
R OH
) o)
. o o
( I 1) RMgX, THF
AN ’
0 o 2) NH,C! o o
'\/o\) K/O\)




3. PROTON-IONIZABLE CROWN ETHERS CONTAINING THE BINAPHTHYL SUBCYCLIC UNIT.

The PICEs containing a binaphthyl unit were among the first proton-ionizable crowns
synthesized. Cram and coworkers have studied a large nusber of these compounds for metal cation
complexati{on as well as molecular 1:'ecognl.t:ion.72'73

Binaphtho-crowns 160-161 (Figure XIII, Table 10) wers syntbesized from the combination of
2,2'-his-methoxy-3,3’-bis- (hydroxymethyl)-1,1’-binaphthyl and the appropriate glycol ditosylate
follo..d by the cleavage of the methyl gcroup to give the bis-naphthol compound as outlined ia

Procedure P for compound 160.72

Table 10. Blnapathyl Ionizable Crown Ethers

with Intraannular Hydroxy Groups o
(Procedure F, Refereace 72) (Figure XIIX) ’ OO }

OH
Number n (& Yield(s (o)
n = ("0 Yiela(w) OH
160 2 214-215 40 OO n
0
161 3 188-189 40
Flgure XIift
162 4 . 162-163 15
Procedure P
" “OH
. ™
/ ( \ /+\ . 0.
OCH;,3 TsO (o] OTs OCH,
OCH, - OCH3

base 0
OH o\/l
=3 l O A conc. HCl, CHCl,
o
X OH
160

o oj CH,0H
oY

Binaphtho-crown ethers 163-18.4 (Figure XIV, Table 11) have the crown ring attachment at the

2,2'-positions instead of the 3,3'-positions as in 160-162, The general procedure for the
synthesis of proton-ionizable binaphtho-crown ethers 163-174 {s giveu in Procedurs Q using crown
163 as an exmpl.e.7“'75 The synthetic pathway to obtain the appropriately substituted starting

binaphtho-crown is somewhat similar to Procedure P.7% oOnce the precursor binszphiho-crown was




b —

obtained, it was coupled with bromoacetic acid methyl ester and
Re = Ry subsequent hydrolysis and acidification provides the binaptho-
X I /\e\ crown acid.’%:75  Binaphtho-crown acids 175-180 containing a

o

sulfur atom in the alkyl acid chain were obtained by modifying

(o]
OO \’né/ Procedure Q. Reaction of the 3,3’'-bis(chloromethyl) binaphtho-

Ry R, crown ether with an w-sulfhydryl alkanoic acid in the presence

Figu
‘gure Xlv of base followed by acidiffcation gave the sulfur-containing

Table 11. Binaphthyl Ionizable Crown Ethers (A = OCH,COH M = [oj ) (Figure XIV)
N
Number n Ry Ry Ry Ry wp(*C) Yield(s) Proc Ref
163 4 CHoA CHoA H K oil 80 Q 74,75
164 4 H CHoA H H ofl 70 Q 74
165 4 CHoM CHoA H H oil 65 Q 74
166 3 CHoA CHoA H H oil 85 Q 74
167 S CHoA CligA H H oil 75 Q 7%
168(-)-(S) 4 : CioA CHoA H H glass 90 Q 75
169(-)-(5) 3  CHpA CHoA i H glass 65 Q 75
170(-)-(R) S ‘CHoA CHoA H H glass 50 Q 75
171 3 CipA H H H 128-130 k1] Q 75
172 4 CHpA CHs H H glass 85 Q 75
173 4 CHpA CHy0H W H glass 77 Q 75
174 4 H H CHA CHod  glass 75 Q 75
175 4  CHpSCHCOH -3 H H glass 96 Q 75
176(+)-(S) 4  CHpSCHoCO.H - Ry H H glass 72 Q 75
177 4 CHpSCH9CHoCO9H = Ry H H glass 97 Q 75
178(-)-(8) & CH)SCH9CH9CO9H = Ry H H glass 58 Q 75
179 4 H H CHpSCHpCOH = Ry  ofl 75 Q 75
180 4 CHpSCH9COoH - Ry - Ry - Ry glass 96 Q 75
181 4  CHCH(COH)7 - Ry H H 140 91 Q 75
182 4 CHoCHyCOoH - Ry H H glass 92 Q 75
183(-)-(S) &  CHCHpCOoH - Ry H H glass 85 Q 75
184 4. H r H COgH COpH  291-2 84 R 75




Procedure Q

OH

CH,
~
N ( O/\ 7 ! [N r/\o/ﬁ
X =9 Oj 1)BrCH,CO,CHy L\\/ =0 0
—_—_——_—_’
o o 2) hydroilyze j
SO\ e
° AL J
CH,O0H

183 CH0CH,COH

binaphtho-crewm acid.’d Compounds 181-183 were also obtained starting from 3,3’'-
bisi{chloromathyl) binaphtho-crown and dimethyl malotate followed by subsequent workup.’ 5 piacid
184 was nbtained by the sequence shown in Procedure R.75 Compound 185 (Figure XV) was obtained

using Procedure Q."‘

HC,C. l/\o_/\l
1) KOH/B OO
2) NaHSC;’: 0 °
3)HCI
) z 0

8
/...
\
¢
{
\—0

The binaphthylene unit of the
P2 i/\o/\ crown ethers just described 1s a
™ O o lo) steric barrier whose 3- and 3'-
CO,H )
positions direct the attached side
OO ?\/ 0 chains over and under the cavity of
O\)
the crown ether. This provides
185) yleld: 70%, mp: oll, ret. 74 additfonal  binding  sites  for
Flgure XV
couplexacion.ﬂ‘ These crowns were
able to extract metal cations into organic phases and they provided optical resolution through

differential complexation of the enantiomers of the a-amino acids.72-76




9. FROTON-TIONIZABLE BENZO-CROWNS CONTAINING AN INTRAANNULAR EYDROXY GROUP.
slthough many of the PICEs already discussed contein phenol groups, this section will
¢iscuss PICEs winich contain a phenol hydroxy group inside the crown ether cavity. The general
synthasis {s shown in Procedure S with compound 186 as an {1lustration.’? Crown phenols 186-196

{Figure XVI, Table 12) were synthesized according to this procedure, some with slipzht

Table 12. Crown Ethers Containing Intraannular Phenol Hydi:ox} Groups (Figure XVI)

Number m n R X wp(°C) Yield(¥) Proc  Ref
186 0 1 H 0 £6-65.5 91 s 77
187 0 1 NOy 0 105.5-106 92 s 77
188 1 1 H 0 48-49 92 s 77
189 1 1 NO 0 91-91.5 93 s 77
190 2 1 H o o 70 s 77
191 2 1 NO 0 73-75.5 92 s 77
192 1 1 c1 0 62-65 22 s 78
193 2 1. 1 0 ofl 70 s 78
194 3 1 c1 o oil 64 s 718
195 A 1 c1 0 re 87 s 78
196 5 1 c1 0 .- 65 s 78
197 . 0 1 -N-N-2,4-dinitrophenyl 2 167.5-168.5 -- S 7,10,79
1980 1 1 . 0 109.5-110 - s 7,79
199 0 1 -N--N-4-me’hoxyphenyl o 136-137 -- S g0
200 1 1 . 0 95.5-96.5 -- S 80
201 11 wn~{s0mcHy, 0 143.5-144.5 .- s 80
202 0 ). OH 0 151-152 quan S 31
203 1 1 OH 0 76-80 quan 3 81
204 3 0 OH 0 68-70 92 s 82
205 2 0 H 0 57-58 82 T 82
206 3 0 H 0 ol 81 T 81
207 4 -0 H 0 oil 86 v 82

208 2 1 H NH oil 11 U 83




zodifications. The crowns containing a nitro-substituent were
i :
prepared by nitrating the initially formed crown phenol using sudium %
'l nitrite and nitric act{d.3? The sacrocycles cortaining the 4-chlore-
n\E( = n substitiuent we-s obtained from l-allyloxy-4-chloro-2,5-hig-(hydroxy-
0 OH o methyl)berzene which was converted to the dibremids followed by ring %
( ] closure to obtain thes crown. The allyl blocking group was later
L(\/O\/)J removed.’8 Azo-substituted crowns 197-201 (Figure XVI, Table 12) were
m obtained accordiry to Procedure S followed by reaction with the
Figure XVi appropriate diazontum salt.’9:80  Crown hydroquinones 202-204 wvere
also obtained by a modification of Procedure S. 1,4-Dimethoxy-2,6-
Precedure §
]
anVanVan\ N
HO o] (o] CH
OH
il 0 186
Br  OCH, 8r 1 NaH, THF 23w < >
S
Procedure T
BrCH,CO,CH
2L0y : L AH o o
OH K,CO,, acetono T N
OCH, OCH, HF ocH, \
o Soct, cu,o OH Ho”

2
/ ( \/; \ OCH.
o) o) 1 OCH,

t-BuOH, THF <~o o) e <‘ __>
/

Yya

bis- (hydroxymethyl)benzene was used (: form the crown using the appropriate glycol ditosylate.
The dimethoxybenzens residue wva:z oxidized to the quinone with ceric ammoniua nitrate then

reduced to the hydroquinone with sodium dithionice.81.82 crown phenols 205-207 ware obtained




 SMPPOTIROE—

accerding to Frocedure 1.82 plaza-crown phenol 208 was obtained as outlined {n Procedure u.83

Crowms 209 and 2310 (Flgure XVII) were synthesized by a modification of Procedurus T and y.78.82

1) l 1) il v, v
2) I l
ooy v AN 5 oo, o ™
o OH HO ¢}

() AcOK, AcOH; (if) NaOH, EtOH(aq;
{llf) CICH,COH, 1-BuOK, t-BuOH,
then PTSA, EtOH; (iv) NaOH,

AN

NH HN

¢

EtOH oq), then HCI; (v) (COCT),, CeHy;
{vi) NH2CH,CH20CH,CH,OCH,CH NH,,
Et3N, toluene; (vif) LAH, THF

These PICEs have been

studied to deternmine acid

(o
dissociation constants and
O (o) :
E j complexation properties with
OH
0 o amines, transition metal {ons,
[ j 0 OH 0. heavy metal {ons, and alkali
(o] (o) [ j and alkaline earth metal
0 o
E j fons.7:74,77-80,84 gone of the
o] 0 . N b
i crowns ave een used to
o o determine the presence of
0 °) specific cations. The
o
Figure xvil l\/ chromogenic crown phenols
209) 61%, mp: 91- 210) 64%, all, ref. 78 change color upon formation of
93°C, ref. 82

a complex,

10. PROTON-IONIZABLE BENZO-CROWNS CONTAINING AN INTRAANNULAR CARBOXYLIC ACID.
Many of the PICEs already dascribed contain benzoic acid type functions but the compounds

discussed in this section have an intraannular carboxylic acid group attached directly to a




ap
N

Figure XVII

benzene ring. Benzolc acid-containing crowns 211-213, 216, 218, and
219 (Figure XVIII, Table 13) were prepared either by Procedurs V or by
a modification of Procadure Vv 85-87 Compound 212 {s shown as an
example. Most of these crown acids wers also prepared by [Procsdure
W.86-88 coaplexation and transport of Li*, Na*, K*, and Cal* by these

intraannular carboxylic acid-containing crowns have been studied, 86.89

Table 13.Crown Ethers With an Intraannular Carboxylic Acid Group (E = CHyCHj) (Figure XVIII)

Number X ap(°C) Yield(®) Proc Ref
211 E 106-112 34 v.B 86,87
212 EOE 100-101 82 v.B 86,87
213 EOEOE 86-95 68 v.B 86,87
214 EOEOEOE 78-79 55 B 87,88
215 EOEOEOEOE oll s8 B 87,88
216 EOEOEOEOEOE ofl - 7 v,B " 86
217 EOEOEOEOEOEOE ofl 36 .3 87,88
218 el | s 213-214 70 v 85
COM
219 ) 172-181 98 v 8s

f(-\ /—)—\ ((\‘:kc‘; DN 0 I

CO,CH,

8r NaH, THF 2) HC‘

CO,CH,

K/\/' ”’k/\)




H% H@w o

- 0

n-Bull, THF 1) co coii O
78°C

° 2) H,0*

k/\) K/\) or L

11. PROTON-IONIZABLE CROWN ETHERS CONTAINING PHOSPHOROUS.
Phosphoric acid-containing ionizable crown ethers are more acidic than their carboxylic
acid counterparts and some have more than one ionizable proton. Hydrogen phosphate crowns 220-

225 (Figure XIX, Table 14) have the ionizable group as an intraannular hydroxy. These ligands

Table 14, Dialkyl Hydrogen Phosphate Crown Ethers

(Reference 90) (ﬂguxe XIX)

Number n ‘R mp(°C) Yield(s)
o]
220 1 H 104-106 33 Il
O e P e O
221 1 n-octyl ofl 47 |
o OH
222 2 H 106-108 75 0 o
223 2 n-octyl 88-89 65 Le/o\’)J\
R
224 2 n-decyl 89-91 73 n
Figure XiX

225 2 n-hexadecyl 98-100 77

were obtained by combining the appropriate glycol with phosphorous oxychloride at -70°C in
dichloro-methane. The resulting crowns containing phosphorous chloride group were hydrolized to
the hydrogen phosphate crowns by water in dioxane.0 Phosphonomethyl-containing aza-crowns 226-
228 (Figure XX) were obtained by reacting the corresponding aza-crown with phosphoric acid,
formaldehyde, hydrochloric acid, and water.25 leenzo-c'tovn phosphinic acid 229 (Figure XXI)
and crown phos.phonic acid 230 were prepared by reacting the hydroxy dibenzo.crown ether with

chloromethylphenyl phosphinic acid and monoethyl fodomethyl phosphonic acid rup‘ctively.ss-gl




226) n=0,
227) n=1, yleld: 74%, mp: 74-78°C, ref. 25

These phosphoric acid-

[0}
1] containing crowns were studied
.., ocu,-al:—oqu, &
2 | CeHls OH in transport experiments with
OH ‘
/ alkali metal ifons and with

o) o o o Znl+, Ag*, Pb2*, Mg?t, cd?*, and
@ D @ N12+ 90,92 Thermodynamic and
(o] (o) (0] (o)
k/l l\/o\) kinetic studies were carried
Figure XXi side

&L}
229) yleld: 40%, mp: 230) yleld: 88%, mp:
170.5-171°C, ret. 91 48-52°C, ret. 58

out on the

{nteractions of 229,96

12. CROVWN ETHERS CONTAINING A PROTON-IONIZABLE PYRIDINE-DERIVED SUBCYCLIC UNIT.

Crown ethers containing a proton-ionizable subcyclic unit are unique {n that the anion
formed upon removed of the proton is actually upart of the crown ether ring. Thus, after
com;];exation, a negative charge is in close proximity to the positively charged cation in the
cavity of the macrocycle. Crown ethers 231-245 (Figure XXI., Table 15) have an ionizable proton
on the ring nitrogen. The pyridine of the crown ether is in tha &4-pyridone form, as shown, as
determined by an x-ray crystal structure analysis.” The general synthetic procedure is
. outlined {n Procedurs X.93-95 The synthesis of compound 232 {s
given as an example. Using the same synthetic procedure, l;-
pyridono-l4-crown-4 compounds 246-248 (Figure XXIII, Table 16)
were also obtained.96

As an extension of the synthesis of the above pyridono-crown
ethers, pyridonas-N-hydroxide-containing compounds 249-252 (Figure
XXIV, Table 17) were prepared. The crown N-hydroxides were

obtained using a modiffcation of Procedure X. Tha crowm was

Flgure XXU purified as the THP-protected material and subjected to oxidation




Table 15. Crown Ethers Containing the 4-Pyridone Subcyclic Unit (Procedure X) (Figure XXII)

Number n Ry R» X Z ap(*C) Yield(s) Ref
231 0 H i 0 0o 150-151 14 93
232 1 H H o] o] 104-105 28 93
233 2 H H o o oi} 23 93
234 1 -n-CgHyy H o o 41.5-43 38 93
235 0 -n-CgHy7 H 0 -0 wax 52 94
236 1 -CeHg H 0 0 90.5-93 29 94
237 2 -n-Cghyy H 0 0 ol 28 9
238 1 H H ] o] 63-64 11 93
239 0 H H 0 S 153-155 46 94
240 0 -n-CgHy7y H 0 s 82-85 8 9%
241 1 H H 0o S 182-183 62 9%
242 1 -n-CgHyy H (o] H 118-120 40 94
243 1 -Ce¢Hg H , (o] s 145-148 12 9%
244 o -CHJOCH)CH~CH; O O  oil 38 95
245 1 -CHyOCH,CH=CHoH  H 0 o 77 35 95
Tabla 16. 14-Crown-4 Macrocycles Containing the 4-Pyridone

Subeyelic Unit (Procedurs X, Reference 96) (Figure XXIII) i

Number R Yield (%) mp(°C) l N l

246 H 28 179-160 ° bl‘ °

247 n-CgHyy 35 123.5-124.5 0,

248 -CHyCgHg 21 168-169 R

Flgure XXl

using meta-chloroperbenzoic acid in metnylene chloride at 0°¢.97 1t was determined that these
compounds exist as shown Iin Fleure XXIV in solution but in the solid state, they exist as the
crown 4-hydroxypyridine-N-oxide. 97

Several proton-ionizable pyridino diester-crown ethers have also been synthesized. These

compounds have been shown to exist in the 4-hydroxypyridine form, unlike the non-ester 4-




OTHP oH
STHP
3 “ =z
. za\ I l
| TsO o OTs \N
S (H) (H) H
N - H*
_0 o —_— 0 o
OH OH NaH, THF
(“'s) (Ts) k
o

Lo =l

Table 17. Crown Ethers Containing the 4-Pyridone-N-Hydroxide

.

Subcyclic Unit (Procedure X, modified) (Reference 17) {Figure XXIV)

o]
&m&:: x wp(*C) Yield(sn)
249 - CHCHoCHOCH2CH, CHy - 205-206(dec) 10 [ ]
250 -CHCHCHOCH2CH(n~Cgty 7) CHy - 147-148.5 . 15 o IH 0
251 -CHoCHy0CHCHOCHCHg - 135 4 \
252 -cuzcazdéxizcuzocuzcuzomzmz- ' 166 5 X
Figure XXIV

Tab.e 18. 4-Hydroxypyridine Diester Crown OH
Ethers (Procedure Y, Reference 98) (Figure XXV)
“ ,
(o]
Number =n R mp(*C) Yield(s) \N 0
o A o

253 1 H 142-143 76 r oj/a
254 1 CH3(S,S 95-97 30

365.5) 0 o
255 1 Pn(s,s)  119-122 3.1 Lf/o\')/'
256 2 H 85-89 78 n

Figure XXV

pyridone <:::<:w~ns.98 Macrocycles 253-255 (Figure XXV, Table 18) were obtained by transesterifica-
tion of 4-O-prctected dimethyl chelidamate and the appropriate glycol (Procedure Y) using a
metal methoxide base and molecular sieves to remove the methanol. Subsequent deprotection
yielded the 4-hydroxypyridino diester-crown athers.98

These proton-ionizable pyridine-containing macrocycles have been examined as carriers in
transport studies with alkall, alkaline earth, and some transition metal cations using bulk

1lquid and emulsion liquid meabrane systems. The crowns containing chiral substituents were




Procedure Y

OR oH
= ( )3 7 |
) o
0 Xy o HO o oH Xy
- T o o
OCH, OCH, 1) M* "OCH,
R = THP or 2) deprotection

benzyl

(o] 0
253 ‘\/0\)

» also used in chiral molecular recognition experiments. Acid dissociation constants have been
determined as well. It has been shown that transport can be "switched" on or off by adjusting
the pH of the aqueous phuo.6'14'93-95'1°1 Because of the lability of the ester function, these

crowns were not as effective in transporting metal iors as the corresponding polyether crowns.

13. PROTON-IONIZABLE CROWN ETHERS CONTAINING A TRYAZOLE SUBCYCLIC UNIT.

The triazole unit provides another way of incorporating a proton-ionizable subeyclic unit
into a crown ect:er so that, upon ionization, the negative charge is on the macrocyclic ring
itself. Triazolo-crowns 256-2587 (Figure XXVI, Table 19) were synthesized according to the

sequence shown in Procedure 2.13,95,162 1y, separate solutions,

(2]
N-—-N/ one containing the THP-protected bis-(chloromethyl)-1,2,4-

A
Res N//\rﬂt triazole in THF and another containing the dipotassium
0 OYR3

. 'Rg

glycoxide in THF were added simultaneously to refluxing THF to

\E ) obtain the protected crown, Deprotection using methanolic HCl

o 9 provided the proton-ionizable crown. Triazole crowns 268 and

Ry x\{kn, 269 were obtained bv a different method as shown {n Procedure

Figure XXvi 4A.103  The overall yields for Procedure Z were somewhat higher
Procedure Z

THP

N—-—N/mp N--—---N’H

N I/l /)\ H'\ //H
(lN/)w = - OL ) ) b % 4 ) )
& L t-BuOH, THF E j HCI E j
o o o 0

|\/°\) 287 k/°\/'




Table 19. Crown Ethers Containing the 1,2,4-Triazole Subcyclic Unit (Figure XXVI)

Number n Ky Ro Ry Ry X mp(*C) Yield(s) Proc Ref
256 0 H H H H 0 90-92 1.1 pA 102
257 1 H H H H 0 112-114 33 3 102
258 2 H H H H 0o 71-72 15 A 102
259 1 H H C43(s,8) H 0 oil 33 z 102
260 0 n-CgHyy H H H 0 ofl 24 2z 13
261 1 n-CgCyy H H H 0 wax .36 z 13
262 1 CgHg H H H 0 ofl 48 2 13
263 1 H H n-CgHyy H 0 syrup 25 2 13
264 0 n-CyiHojs n-Cy1Hzs H H | o 70 26 A $s
265 1  n-CygHps  n-CyoHs H H 0 77.5-79 48 z 95
266 1 H H H H S 95.5-97 17 z 13
267 1 n-CgHyy H H H S ofl 9 z 13
268 1 H H H CH3(s,S) O 110 328 AL 103
269 1 H : H H CH3(R,R) O oil 894 AA 103

2 Yield on last step.

Procedure AA

N——N

ﬁi_N TAAYS a0 g™ \,*
1 t-BuOH, THF E jucx E j

| o wia)

than those for Procedure AA. Triazolo-Crown 270 (Figure XXVII) was isolated and characterized

{n addition to crown 256.102 Dibenzo-crown 271 and dicyclohexano-crown 272 (Figure XXVIII) were
obtained by Procedure Z also using the appropriate glycols.13

Three triazolo diester-crowns, 273-275 (Figura XXIX, Table 20), were also synthasized using
the same procedurs described for the hydroxypyridino diester-crowns, Procedure Y, but starting
with dimethyl 1-benzy1-lﬂ-1.2,6-ctiazole-3,S-dlcatboxylntc.loa-los By x-ray crystal structure

analysis, {t was shown that the triazole ring hydrogen is locatsd on the nitrogen of the




triazole ring as shown in Figure

H
/7 M '
Nl_N 'i——'N XXIX for the diestar crowns and on
H/ N/ one of the outside nfitrogens in
0 O\ o) 0 the triazole-containing polyether
[ @ crowns as shown in Figure
0 o< "’\/ o xxvr, 102,104
O\/l
E y The triazolo-crowns have been
0 o n
N ) A= benzo, yleld: 71%, mp: ]
E 203.5-204.5°C, ref. 103 used to transport alkali, alkaline
o o~ 272) A= cyclohexano, yleld: 40%,  earth, and transition metal
rei. 103
N cations in the bulk 1liquid and
H/ \\(‘ Figure XXviil 4
Nl N emulsion liquid membrane systems. .
-— N ) -
H Single ion transport as well as competitive ion transport studies
270) yleld: 7.4%, mp:
128’_:.(: ref :"02 P wers cavried out. Some triazolo-crowns had a special affinity for
, ref.
Figure Y¥Vil silver cations. Molecular recognition for the enantiomers of chiral

Table 20, 1,2,4-Triazole Diester Crown Ethers

(Procedure Y, Reference 104) (Figure XXIX)

, Now—wN
. e ML
N
Number n R mp(°*C) Yield(s) Eo J{ o

273 1 H 140-142.5 16

() o
274 2 H 132.5-134 19 I\‘/ \’)J
(o)
275 1 CH3(s,S) 114-116 22 n

Flgure XXIX

amines by the triazolo-crowns having chiral substituents was studied. Thermodynamic studies to

determine acld dissociation constants and cation complex stabilities have also been

performed, 15,95,103-107

14, PROTON-IONIZABLE CROWN ETHERS CONTAINING SULFONAMIDE GROUPS.

Another groun of proton-fonizable crown ethers in which the anion is a member of the
macrocyclic ring are the sulfonamido-crowns. The proton on one or both of the sulfonamide
groups of compounds 276-290 (Figure XXX, Table 21) can Aba removed to provide better ligating
sites for nec;l cations. Sulfonamide crowns 276-290 wers obtained by following the general

procedure showt; fn Procedure BB.107-109 The starting bis-(sulfonylchloride) compound was




Table 21. Crown Ethers Containing the Sulfonamida Group (Procedure BB)
(Figure XXX)

Numbar n X mp(°*C) Yield(s) Raf
276 1 Q 268-271 23 107
277 2 . 302-305 10 107
[~}
278 1 Q 232-234 10 108
279 2 . 305-306 19 108
~
280 1 > 131-133 1 108
281 0 a-Q-o’_\o-Q-G -:290-293 25 108
282 ) - ‘o-S/_f;\ 253-256 6 108
283 1 ,©\ 230-232 12 109
284 2 . 256-259 17 109
(] Ph
285 1 ~ 183-186 8.8 109
oy
o [}
286 0 @( I; m=-0 229 70 109
287 0 - m-1 277-279 6 109
288 1 - m-0 183 91 109
289 1 . m=1 164-165 10 109
290 0 /N 252 72 109




/ \ combined with the appropriate diamine in dichloro-
NH HN uethane to provide the sulfonamido-crown. The
t-Bu SN éo, 0,S t-Bu starting big-(sulfonylchloride) was obtained by
l _ reacting p-t-butylphenol and the appropriate glycol
° 9 dichloride. Addition of chlorosulfonic acid to the
Lb/‘o\ag resulting big-phenol provided thea starting material
Flgure XXX for the sulfonamido-crowns.l07
These ionizable sulfcnamido-crown ethers were
Procedure BB
X
t-Bu SO,C! Cl0,S {-Bu NH/ \HN
t-Bu :‘!Oz 0,5 t-Bu
° ? HaN-X-NH,
O ——

(o] (o)
n
O
) ) n
tested as carriers for tlie alkal{ metal cations in bulk liquid membrane transport systems., X-
ray crystal structure analysis was performed to determine the conformation of thess carriers.

Also thermodynamic studies were done to determined acid dissociation constants. It was shown

that fonization of both protons is required for cation transpor-‘..lw‘no

15. MISCELLANEOUS PROTON-IONIZABLE CROWN ETHERS.

Proton-{onizable crown ethers 291-307 did not easily fit into any of the categories
previously discussed so they will be
described here. Crowns 291 and 292 (Figure

CO,H
XXXI) were synthesized and used in a study
of carbocations, carbanions, and carbenes as
ring members in crown echers.111 Bis-(crown
OH ether) dyes 293-297 (Figure XXXII) were
‘\/ \) synthesized with expectations that they
Figure XXXi K/ \) would show very different complexation
231) yleld: 950%, mp: 292) yleld: 91%, mp: properties from the corresponding monocyellc
177°C, ret. 112. 173-4°C, ref. 112 :
crown dyes. The big-(crown ether) effect

was not very remarkable.%4:80 Thege crowns




kv»# '\e/»y' o

293) n = 0; mp: 150°C (dec); Ref. 30 295) oll; Ret. 80
294) n = 1; mp: 123°C (dec); Ret. S0

N:N—<\:/>-SO,N(cu,),
@[ocu,ﬂ 8-crown-6
HN OCH,~18-crown-6
OH NO, CFy

X
E E j 297) yleld 71%; olf; Ref.44

286) oll; Ref. 80
Figure XXXt

were synthesized in a similar manner to crowns already discussed. Crown acids 298-304 (Figure
XXXIIXI, Table 22) containing an intraannular sulfonic acid group were synthesized by Procedure W
using sulfur dioxide instead of caibon dLoxide.87 PICE 30S '(Figuro XXX1V) was obtained using
Procedure J.17.'19 Thiacrowns 306 and 307 (Figure XXXV, Table 23) were obtained as outlined in

Procedurs CC and tested for the extraction of suvor.nz




Table 22. Crown Ethers Containing an
Intraannular Sulfonie Acid Group

(Procedure D, Reference 87) (Figure XXXIII)

Number n ap(*C) Yield(s)
- o~
R Z N
298 0 1G2-104 59 i
Y
299 1 101-104 67
300 2 ofl 72 O  SOM
301 3 oil 71
(o] (o)
302 A oil 42 L(~/° \/)J
303 5 ofl 70 n
104 6 oil 74 Figure XXXI!
Tabla 23. Chromogenic Thiacrowns (Procedurs ©C,
Reference 112) (Figure XXXV)
Number Ry Ry Ry mp(*C) Yield(s)
306 H OH H 133-134 51
307 OH H Ccl 133-i34 53
Procedure CC

[ m Ars QH,C‘H,O—@—N(MgBr)z
s sj T

BF;, C;HsSH for 306
OCH,CH
HCt,
or Ar = NO  cH,co,u
for 307

NO, a
or
NH,
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